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A. Iffect of Iodine on Bacterial RNA Virus(.

Iodize react. beat with mom virucs at pPl "Iwoe betvam 6 and 8,
and at much higher or lover pH than delimited by the rw~gp, the
Inactivation of virus vMi be imtere.aaly reduced.

The presence of the iodids ion will greatly reduce the inactivatior
of mom viruses.

S. Probable Mde of Action of Iodine on Bacterial Virus (f)

Tereaction of Iodine vith th4 a%,!L1xdryl prots of the proten
coat apparently In not responsible for the comilate 1otivbtica of
the virus.

Ir.-inatlun of the tyrovin vas effective providIed no *.Wlifiett
.. m.,of iodiide vas in the syst1..

T. KA7 words: Water Di. infention, Water eupply
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Introduction

This progress report Is concerned with the continuation study
ot the node of action of iodine in the inactivation oif bacteria ant
virus**.* The previous finding revealed that thu bactericidal action
of Iodine to rapid, being complete within one minute. t* killing

action contunns until all. iodine Is consumed. The ability of the

,whereas bohchlorine adbromiine readilyd~oe the transforming
activity (ase Figure 1). Experinente vihI sot of the Iodine
breaitin of the bacteriral celle ysu~g tha killingI piorily
byee~dcion it the bacter cl grusrte hnb suggeiutit
or additions to the bacteria components.

The current studies have iconcentrated, an theefctoIdien
bacterial MA. virus (f ) and on polio virus.* Work with the latter
has not programmed suft iciently to Include tiniing since equipmnt
bad to be assembled and suitable .ystmss devised for conducting study
with polio. _________________________

________________________________

ERA bacterial virus f strain vas kindly sWuppid by Or* N.D. tiner
through Dr. T. Fukasawa. " iaerA mtbods voe the e as described
by Loeb and Uider (3.). The t tacterial VITVM Vas precipitated with
2M concentration of eamonium s&liate end resuspended In 0.05HI phoe-
phote butfer, PH 7, containing O.iiN maline (PMS) Th bacterial
viLrs stock solution, containing approximtely 1613 Fls/m, we
diluted to 10- end used as a test virus.* In eom of the later
experiuante a CsCl purified phage wans used as test strain. hAssdual
icAine vas detected with Paragon (&stern Chemical Cmpny) Indicator.

In order to terminate Iodine reaction, sodium tbo'Asulftte Vas
used for Initial experizents. In mst experbwta, howevr, tboisulfat.
was not wocesary sinces ning teat sulutions into comlezing isdIA
inst~wtly reduced the active Iodine to Iodide. Para-chlorinreuri-

twtoAc acid, obtained from the Sigma Compny, Inc., vas diluted In
t .*. trie-M buffer (PH 8) containing 0.10 N h~l. For reaction at
difforent PH levels, acetate, phosphate, tris-UWI, glycine bufter bwi
used in proper range of pH, ach containing 0.14~M of saline.

(l)Locb, T. and Uinder, X. D., A hcteriopbage Containin 1B!A, PEAS,
j 282, 1961
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Iodotyrosin was moasured In increanto at 31 J 1 aflirn
vv length (2).

Results

The inactivation or both Each. coli and the bacterial virus van
CoMPl1tO At room to .rature vwi2-seconds with a 0.04 nX doesge
of iOdine (10 m/1) in the presence of 0o.0i8 m of iodide. It -e

obeerved, bover, that small Increae in iodide coactntration altered
the rate of virus inactivation but did not materially reduce the
effect on Each. colt. Even at 000 in the presence ot 0.5)M iodide
1. cal was nactiated within five minute.o, whea the bacterial

-I "- as ualmot fully active during one boar of contact. Te
resulta are shorn in Figue S.

Using a constant dooams of Iodine of 0.0 & at room tsweratur
the relationship of varying concentration of iodide and survival of
virus is given in Figure 3. After 10 minutes of contact a striking
inaroo-zo In surviving viru~s fraction ba tined by increasing the
concentration of KI f 10-"X to 10'. If the coeoantration of K!
to increased above 10", mare than 10% of the initial inoculum will
survive.

It can be seen from virus survivals obtained at the snd of 5, 30
and 60 minutes of contact time that the ecneentration of KI alters the
rate of virus Inactivation by iodlne, u given an the right graph in
Figure 3.

The hydrogen ion concentration mrts a profound influen an
the action of chlorine and may be expected to similarly affect the
disinfection properties of iodine. The resulta however, with viru
inactivation re somewat unexpected. Figure 4 saov the survival
fraction or virus at different pH values after constant o of
virus vere reacted with the asm Iodine dooe of 0.01t aN in the preesee
of 0.048 mH of iodide. The survival of virus varied directly with the
hydrrm Ion concentration. Below pf 6 tbere ws an Increase in the
'.: rival fractloo, reaching a mum at pN 4 to 5 whe no thea 0.1%

he t .- rtu remained active after 10 minutes of contact time.

Pmra-ohloraorcurbenrtc acid (POO) is a culfbydryl attabzing
agent. Each. colt and virus war treated with a 1O-)( concentration
of PC0 rat .eperature and pH 8.0 for o brw. Tb sur-Val of

(2)Cha, C. Y. and Scheraga, I. A., ipifferentlation of the Tyroeyl 0roW

Of oibonmeleee A by Iodination, Moah. I phy. Resrch On~s67, 1961



organism have been plotted in Figure 5. It is apparent that while
E. colt was successfully inactivated within a few seconds the virus
res ined active for more than one hour of contact.

Tyrosin, another protein reridue in the eost of the bacterial
virus, my be involved in interaction with iodine. Experimental
results, also shown in Figure 5, indicate that iodinatinn Is complete

providing the iodide ion is kept below the 104i level. The rate of I
reaction is greatly decreased as the concentration of KI increased.

A similar observation has been de using polio virus and will
be reported by Nomura and Hsu at a later date.

Discussion of Results

In discussing the reaction of iodine with viruses it wuAd be
of interest to briefly revi., the current theory regarding the inter-
action of iodine with water. At the present tim the active iodine
species capable of reacting with the comlex protein coat is the
cationic hydrated iodine, HOI+(3,4). It would not be consistent to
believe that non-ionic or anionic form of todine would possess the
reacting power for the modification of proteins.

Before considering the active species (%0I ) the presence of
hydroxyl ions should be mentioned in the formation of NDI, hyjoidous
acid.

12 +OR== ROTI+ I- K 30 (1)

zs o "== i + Or , K - lo6L17__ (2)

;rom these' equilibrium equations the ratio of HOI:I, can be computed (5).As the hydroxyl ion concentration is increased the BI is further
oxidized as given belowi

(%)Bell, R. P. and elles, E., The ilogen Cations in Aqueous Solutic-,
J. Chem. Soc., 1951, 2734, (1951)

4 Bghes, W. L., Chemistry of Iodination, Ann. .L. Aced. scl. p.3, 1957-58
5 Chang, S. L., The Use of Active Iodine as a Water Disinfectant,
J. Am. Pharmceutical Assoc. T; 41T, 1958



The active specter. of +he hldratsd Iodine cation, %201 +is
produced by the following reaction (3)1

12 +NB0 ' 120I + 11 '[' 1.3 x 1013 (14)

and reactica (5) show. the comining of 7.with Iide to form the

Inactive tni-iodide:

?n'om the equations (14) and (5) the rate of eation "t very
inversely an the squasre of the concentration of Iodide (4.)3

(%01+) (1-)2

(13-) (%0o)

and by Increasing the I- by eve amiL suts the r'ate of ione
reac+,ion will decreae rapidly.

In addition, Ince Iodine iosoaluble Only to the extent of 1.1
m(/lItar in water at 200C iod'de is nornely uided to produce sol*1e
comlexes vhich Increases the solubility of Iodine. Nost of the

experimenta in this study w~ere perfcre. at pff T with 0.01. A (10 ,PM)
Iodine in the presence of 0.0~43 ii4 KX. Undr the" condition 90%
of thj iodine exists as 1 and free to react with water to give active

Terecent report (6) that organic iodine (wee oodyne) me hije
to coletly inactivate polio virus in the presence of organic
substances my be explained by the pzesemce of Iodide. TeIodide
reduced from the Iodine by the organic substAnoe will inhibit the
vinridal sation an observed abVS.

There Is evidence available that the biologj eel activity of
TW-RWA (1) end the transfoming DWA is not destroyed by Iodine. One
InaoIveiom of virus by Iodine io conceivably through the = I t.iJon
of 4te* Pr-tein cat. The bacterial virus f 2 has no histidine residue

o- the protein coat (T) and the icdination of the aulfhydry2., tryptophazyl
'iSa tyrosyl grow need only be considered with this viram

(6)wsnils, C., Debbebeni, A. N., Lee, L.: L, ad Bianchi, N.,Th
IDoffectiveneas of Organic Iodine (Wescodyne) as I Yira3. Disinfectant,

An. . Ny.,T8; 325, 1963 -

(T) wathans, D, 115tani, 0.9P 5chiart~s,J.Ladine,3D,
Biosynthesis Of the Coat Protein of Coliphage f2 by Be coli, extracts
PMIA, 48 1424, 1962
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It we evident from experimental results with- p-chloromercuri- .
benzoic acid, that the modification of the sulfhyryl groups vas
Insufficient to completely inactivate the f virus. In this case
Inactivatim my be explained by one or morl of the following:

1. -8! grupe are not essential for abeorption and ejection of
nucleic acid,

2. -BE groups are buried deep in molecule and are not accessible
by iodine, and

3. protein cost does not contain -SR groups.

C ppln, ot. al. (8) and Allison (9) have reported that cm viruses
ae resistant to the -SH reacting agent. In contrast, Iech. coll w
Inactivated copletely since the -S groups in bacteria' pro-mmy
1nlpnible enzyme functions.

At pN T the rate of iodination of tyrosin Ve rapid providing
the iodide ion in the system was kept below 10"4M concentration.
Again this is a phenomenon of mnntaining iodine In active cationie
for. It my be reasoned that the cationic Iodine will reaiy comine
with the phenolate Ion of tyrooin, (R - 4 - 0-) or the quinonoad
form (R -4=*- 0) in alkaline vater. The todination of tyrosin baa
been shown to vary inversely with the hydrogen ion concentration by
LI (10) and the rates should be greater s the OR' concentration of
vatere increase beyond pH 5.0. It muat be asumd that the mode of
virus inactivation observed in these experiments we due, in part, to
the lodination of the tyrosyl amino acid residue of the _rotein coat.

Ech. n0 i we" rapidly and campi tely Inactivated by Iodine even
at in presence of high coneen ations of iodide. It is likely
that the high sensitivity of the sulfEdryl group to even depressed
concentrations of H20I+ is suficienti modify the enzyme located on
the surface of the cell, which carry :"Ircpenaible mtabolic functions
a-, without which, cause the death o the organism.

The conclusions are given as the Abtract at the beginning Of
t'±s report.

(8)Choppin, P. W. and Philipson (Rocketller Inst.) The Inactivation of
Intervilro Infectivity by the Sulfhydryl Reagent -ehlo.

Role of Virus 9 r -oWs in the Attacheent of Etarovirus
... 9Allison, A. C., Observation on the Inactivation of Viruses byv

Oulfbydryl Reagents, Virology, IT; 176- 8. 1962
(10)LI, C. L, J. An. Chem. Soc., 2j 114T, 196, Kinetics and

ech nism of 2.6 - di-lodotyrosine Formation



A. Effect of Iodine on Bac..erial R2(A Virus (2

In the practical application of iodinie as a viricidal agent two
problem must be recognized.

1. Iodine reacts best with some viruses at pH values between
6 and 8, and at muc higher or lover pH values than delimited
by this range, the inactivation will be materially reduced.

2. The inactivation ratui of some viruses by iodine is greatlyv
reduced by the presence of the iodide 'ion. The phenomenon
is most likely due to the suppression of active species ofI
K201+ by the iodide and the formtion of Inactive ions such
"n tri-iodide. Therefore, iodine eolutions should not be
eMployed as viricidal agents in the presence of organic
substances such as culture media, serum and sevage wicih
have been shown capaole of reducing the iodiiu to Iodide
in concentrations grester thin 102 to 10-'M and may limit
virus inactivation to only 90% of tho Initial rusere of
virus particles.

13 Probable Mode of Action of Todine on Bcterial VirJA( fal
Since it has been shown that iodine does no' inactivate the

biological activity of Tobsco Xosaic Virus -NA(11) and the trans
forming DNA, it is conceivable that the inactivation of bacteria
virus is due to the modification of the protein cost. For the (f 2 )
bacterial virus under study only the reaction of Iodine with the
aulfb~iryl, tryptopbanyl wa tyrosyl groups need be considered.

Reaction of iodine with the sulfbydryl groupe apparently in not
responsible for the complete inactivation of izhe virus since the vir~u
was resistant to p-chloxrmcuibenzoic acid, a -81 group reaction
agent.

Xodination of tyrosin with cationic hydrated iodine me effectkve
'--vid#,A no significant anoints of Iodide mes in the system. Li (10)
S-A reported that the rate of tyrosin iodination varies inversely with
UL hydrogen ion concentration, This my account for the poor inactivation
or ta virus in system with pH values below 6.0.

(11) 11 nm 1r, K. W. , Chemical Modification of Viral Mbcncleic Acid,
B.B.A. Pj 21.7, 1963. Virus Laboratory, Univ. of Calif.,
IBnrksey, Calif. I
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FIGURE I

EFFECT OF IODINE, CHLORINE, AND BROMINE

ON PURIFIED TRANSFORMING DNA
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FIGURE 2

SUNVIVA'.. OF BACTERIAL VIRUS AND E.COLt
TREATED WITH 0.04 mM OF IODINE (10 MG./L)
SHOWING THE ROLE Of I' ON INACTIVATION

0.048 MMKI, PH 7.0 o.5 m KI, PH4 6.3
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FIGURE 4

EFFECT OF PH ON SURVIVAL OF BACTERIAL VINUS WHEN

TREA TED WITH 0.04 MM IODINE AND 0.048MuM IODIDE
Room TEMPERATURE .
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